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" ABSTEACT

During this reporting period one accelerometer has entered into

the bhermal sterilization period. Another has been readied to

initfial testing prior to sterilization. The other accelerometers

are mearing completion. Preliminary test results indicate ex-
cellent scale factor stability. All accelerometers contaiﬂJ

pendulﬁms cured at 300°F to increase the Heat Distortion Temper-
ature of the spring joint epoxy to 370°F which should reduce thé

P

null bias shifting.

h

ct
D

proofmass assembly were

=N

developed in three basic steps. Welding schedules were estab-
l1ished from test results of welded specimens. The first two
proofmass assemblies to be welded by the Laser method are ex-
perimentallvehicles in the effort to isolate the source of null
bias shifts observed on a standard Model'VII instrument after
exposure to sterilization temperature. Modifications of the

design will be necessary to reduce the constrainment current

from approximately 100 ma.

The design of the transformerless pickoff electronics has demon-

strated superior performance in electrical null stability. The
improvement can be attributed to the FET input capacitances,
which are more stable than the stray capacitances of a hand

-,

wound transformer. "
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As reported in‘the 1ast;quarterlj report of August 15, 1968,
there were two.poteﬁtial contributors to the observed null
bias shift on accelerometer serial number 0656: the stresses
‘produced in:the spfihg and the.époxy jéint due to the thermal
>expansion differential of the proofmaés and the baseplate, and
insufficient curing of the spring joint epoky. Since a re- .
design of the ﬁendulum'assembly was not within the scope of

the present contract, an effort was made to improve the epoxy

spring joint. .

At Bell's suggestion, the Ablestik Adhésive Cémpany teéted
theilr Ablecast 1U47-1 frozen epoxy to determine the Heat Dis-
tortion Temperature (HDT) when it is cured at 300°F for ex-
tended periods. Testing was conducted acbording to ASTM pro-

cedure D-648-56 and results are reported below.

Days at 300°F HDT
2 372°F

4 378°F

g 3780F

While waiting for these test results, the built and tested
~pendulums were recured at 300°F for 60 hours. It was assumed

and verified above that this would &ield an HDT of about 370°F.

Recufing,was performed in an oven containing inert nitrogen
gas to minimize any possiblé oxidation or discolération of the

parts. Since these pendulums were not removed from their res-
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pective.mechanical assemblies, the epoxy spring Joints were
recured with the pendulous axis vertical ("gate" posiﬁion),'
thus,one‘g'stresses typical qf‘this mode of stofage were

. ‘presgnt. voﬁfnew and rebuilt pghdulums; the spring joint epoxy

willlbe cursd at 300°F for 60 hours in an inert nitrogen atmos-

phere after the required two hour jelling period at 20C°F. ..
Curing will take place on the building fixture waich assures

stress free conditions. .

Due to the caution applied during the recuring, there was no
discoloration or other visible evidence of oxidation on criti-
cal components. Also, test results indicate no pattern of

degradation of null bias sensitivity with temperature.

Bell After 250°F Cure fter 3C2°F Cure
Ident bias drift bias drift
No. with tempn Comment with Temp

Jh -1.48 ug/°F recured -3.71 ug/°F
J5 no readings recured ~-7.6 ug/°F
J6 no readings recured 3.5% ug/°F
J3 high input axis rebuilt -2.53 ug/°F

misalignment : - .
J3 13.0 ug/°F recured but will no readings

‘be rebuilt B
sin order to assure scale factor stability after exposurs of
the instfﬁmen? to the sterilizétionjcjcle, thé pendulums were
outgéssed at 160°F for 120 hours at a éressure'bf less than 50
microns. This would practiqally eliminate any;future pandulum
weight losses which could severely influence scale factor

stability. Prior to hermetic sealing, the instrument is vacuum

ERY
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baked at 140°F for I hours to remove all moisture and water

vapor which can adveréely affect null bias and/or. scale factor.

The sealed accelerometer contains only dry inert gases.

.

Problems encbuntered in manufaéturing transformers were lead
breakage and internal electrical shorting. These were gasic—
ally the result of workmanship errors and have been reéolvédA
by furniéhing additional instructions and work aids to the

assemblers.,

Other than the transformer difficulties,'the @anufacturing
phases héVe progressed without incident up'to and including
the sealing of the accelerometers. During the initisl testing
period, the instrument has pefformed safisfactofily and especil-
ally well in scgle factor stability. In order to gain a better
understanding of the effects of thermal sterilization on in-
strument performance, a parémeter check is being introduced
after-each of tﬁe 6 cycles in the first sterilization period.
Tﬁése para@eter dheckséinclude null bias and scale factor
measurements at room and elevated temperature of 176°F (80°cC)
(Table 1). It is interesting to note that, while null bias
Shifts of larger magnitude 5ééurred, the scale factor remaiﬁéd

free of excessive changes.
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LASER WELDING

The Laser Systems Corporation in Ann Arbor; Michigan, pPOfided
their equipment and technical assistance to perform the Zaser

- welding oh the proofﬁass assemyiies. fhis cbmpany was chosen
since the eguipment in their‘a@pl*cation 1aboratory seemed to
be satisfactory for our needs as their fieid is mainly techni~_
cal welding (including that of beryllium copper), and also cut-

ting.

The equipment used at the Laser Systeﬁé CorporatidnAtb weld
the test samples was thelr standard type LW 212 Laser head con-
taining a Neodymium doped gléss rod for producing the Laser
beam. The Laser eguipment isicoupled with a modified Nikon
comparator. The advantageous feature of the éomparator_is that
the alignment of the object to be welded and the Laser beam
can be easily accomplished. The accuracy of adjustment and re-

peatability is better than .001 inch.

Tﬁe energyvleQel can be;adjusted in fine steps to a maximum of
90 Jjoule putput and the pulse durapion_in steps of 1 millisecond
to a maximum of 6 milliseconds. The énetgy needed to create a
weld spot of .012 to .015 in_ch in diameter for a beryllium
copper—aluminum joint was found fo be between 5 and lS’joule.

The lower vaiue i; adeguate when a 20 times magnifaction lens

is employed while the higher value is'necessary_with a 10 timesf

magnification lens. This equipment also allows enough room

for fixturing since the distance between the objective lens and

'E‘.

-
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the weld spot is about 1.3 inches when optical system with 20
magnification is used. Under 10 times magnification, this

disténce becomes 2.6 inches.

.

Laser welding of the proofmass ‘assemblies is being approached

in three sﬁéps in order to better evaluate this method of join-
ing. The first step 1s to perform a simple butt weld betwéén
.016 thick aluminum and .010 thick beryllium copper strips.
These materials are the same as presently used for the support
and the spring. Details of this Group A weld set'up are shown
in Figure 1. S%nce the support ana spring are’in two perpendi-
cular planes, the aluminum and beryllium copper parts were
aligned in a'V'block for the second welding experiment. Figﬁfe
2 depicts these Group B welds. A third group C was established
which would simulate the actual conditions under which the welds

would be made. Figures 3 and 4 show these configurations.

Sample items 1‘énd 2 of Group A were used to set'up»the equié—
ment and to determine the proper energy 1evel'needea to produce'
a good weld spot on the‘line joining the aluminum and beryllium
copper parts. The energy was varied between U4 and 8 joules
Msing the 20 power lens;_,A 5 joule energy and a‘2 millisecéﬂa_
pulse length resulted'in a uséble weld spot of approxiﬁately

.012 inch diameter. To evaluate the weld strenvth'produced by

[y

dlfferenu energy level settings, saﬂnle 1tems 3, b, and 5 of
the same group were welded by apnlylng 5, 7 and 2.5 joules res-

pectively. Three weld spots were produced with their centers
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GROUP B

_,Figure 2

L
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/¢;f::“Laser Welds'

GROUP C
! Figure 3 )
H

* b
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GROUP C SAMPLE #12
Figure 4

& . -

IL.aser Weld
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onAthe.joint line of the two materials. Since the beryllipm.
copper reguires more heat formelting than the aluminuﬁ, it was
felt that by offsetting the Laser weld spot to transmit more
energy intofthe beryllium copper material, a better joint would
result. Sample 6 was thus welded by applying 5 joules.and thé

weld spot center was moved .003 inch from the joint line toward

“the beryllium copper material.

Weld samples 7 and 8 are of Groué B and each was Jjoined with
three weld spots using’5 joules and 20 power magnifiqation.
Sample 7 was welded on‘the joint line while sampie 8 had the
weld spots shiféed .003 inchAtoward the beryllium copper materi-

al.

Group C contains samples 9, ld, 11 and 13. Two weld spots

were produded at the corner beftween the spring tzb and the
pendulum support as shown in Figure 3. In all cases the energy
level was adjusted for 5 joules and the magnificzation at 20
pbﬁer. Itemé 9; 10 and 13 had the spring tab secured with

epoxy to prevent moveme;t_of the aligned parts during.weldiné.
Specimen 11 was intentionally welded without epoxy aid.'_On
sample 9, the weld spots were offset toward the spring material.
Sample number 12 was provided with one weldAspot located at the
upper corner of the spring taﬁ (Figure U4). ©No epoxy had been

-

used to secure the spring tab. Since the fixturing in this

-

case required a working distance of more than the 1.3 iInches

allowed by the optical system of 20 times magnification,
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the optical head of 10 power magnification was employed,
necessitating an increase of the output enérgy. An energy

level of 15 joules was used. A -

-

' The welds usihg 2.5 jbules on sample}5 were found to be inad-
equate; This sample broke wﬁile”beihg removed from the epoxy
glass board for the pull tests. Samples 9 and 11 were not
welded tcgethef.- It is surmised that, since item 11 did ngt
haye the spring tab secured with epoxy, there was a sudden
motion of the spring tab during the solidificatioh of the weld
material. Although item 9 did have the spring tab secured, 1t
is felt that thé}ga@ between.the-spring and the support was

misaligned and was greater than the .00l inch allowed.

An effort was made %o obtain.infofmation on stresses which may
have been introduced in the joint between the two metals caused
by the contraction dufing the solidification of the weld spots.
The screws holding the springs on samples 10,‘12 and 13 were
cérefully rgﬁoved and the 1ift of the spring body off of the
insulator was observed.ﬁ It was evident that sample 12 was tﬁe

one least influenced.

“Test samples 1, 3, b, and 6 were su@jéctéd to a pull test ih
order to determine tﬁé strength of fhe weld. For this purpose
these samples were carefully remoyéd from the epoxy glaés board;
The sampies were atfached té a fixture in such-a manner that .

bending was avoided during the pull test. Generaily, all

samples separated on the aluminum side of the weld spot;
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o No. of Stfengthh
Sample Rupture Weld energy Location ’ per Veld
No. Load Spots (Joules) Weld Spot Spot
1 43 oz. 5 . .4 to 8  Joint line: 8.6 oz.
3 16-24 oz. 3 5 Toint line 3.3 to 5 oz.
4 49 oz. 3 7 " Joint line 16.3 oz.
6 b 5 .003 offset 11.8 oz.

b7 oz.

It should be noted that test sample 1 was used for sétting up
ofAthe welding eguipment and for tryout of the pull test fix-
ture. Although the results of the pull test cannot be consider-
ed meaningful, it is still included among the test results.

Test sample 3 égoke at a lower value than expected.» It is like-

ly that the test sample was damaged slightly when removed from

the epoxy glass board.

A proofmass assembly utilizing the Laser weided joints between
the springs and supports was designed. If this pendulum dis-
plays a definité improvement in null bias stability at elevated
témperature 5ver the normal pendulum, then the deficiency must
be in the epoxy spring 3oint. The design is further simplified

to a degree that overshadowing influences arising from a shift-

“}ng copper winding are eliminatgd. ‘These shifts due to the

different coefficient'of'expansibn of copper égainst the bond-

ing epoxy or that of the epoxy against the aluminum coil form
' 3
§

form, the necessity of an insulated pendulum éuppqrt on one

side is eliminated;’-The coil form which now conducts the con—.

2
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Preliminary Design
Figure 5

Laser Welded Proof Mass Assembly.
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strainﬁent current is slit open on the lower side'betwéen the

two supports. This forces the current to take & patnr only

throyghfthe,upper coil porti@n, which represents approximatély
. threq-guarters of a turn. To compensate for the los: strength

from |slotting, a stiffening web of .016 thickness was provided

in the coil form center plane. This stiffener»is a zhunt to

the useful current path, but the design reducss the useless
current to tolerable limits. Approximately &2 to 120 ma current
is expected to consﬁra;n this pendulum in the ons g Tositlon.
The supports are attached to the coil form in the conventicnal

manner. '
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and a precisely positioned forming block. The formed pendulum
will be mounted to the standard assembly fixture which alsc
accepts the baseplate and the springs. To hoid the coil form

tight to the fixture, a screw in the center piug of She fixture’

09

is normally used. Since, in this case, the center arza is

hold down

m

filled with the web stiffener, a special clamp with

Screw was designed.

The bending fixture and the special clamp for the periulum

gy

alignment fixture have been manufactured and Two coll forms as

previously described have been produced. The suzports have been

attached to these foil forms in normal fashion and bsant to the

=
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bending fixture. The supported coll forms

were mounted and aligned to the étandafd péndulum.assémbly fix~

ture using the special clamp to safely fasten the forms to the

. Tfixture. The surfaces on the outer edge, after performing the

.

bend on the supports, were.grcﬁnd flat with a minimum amount of

material removed to create a good alignment surface for the

spring tab. Basepiate assemblies have been attached to the pen-

dulum assembly fixture and the springs aligned in such a way

that the gap between

the pendulum support

the spring tab and the ground surfaces of

is .0005 inches. The spring tabs were

bridged to the supports on fhe lower end of the support with a

minimum of LCA-4 epoxy. These assemblies are now ready for

Laser welding.

RN
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Photo 1. Group A Weld Sample 1 (20x mag.)

.
P

*

VPﬁoto 2. Gfoup A Weld Sample 2 (20x mag.)

e
e




Model

MEIROSYSTEMS

A ) company

CLEVELAND OPERATIONS

Page

Report

BAC 0345 Rev. 12¢




BAC 0345 Hev. 1248

£

BELL AEROSYSTEMS | St
Madel : : A i) company ; Page 20 -
Date LNovember 15, 1068 CLEVELAND OPERATIONS Report 60007-031

Photo 5. Group A Weld Sample 5 (20x mag.)

Photo 6




BAC 0345 Rav. 1248

. - _ EELL AEROSYSTEMS
Model Frrele e Bioe 21
oo November 15,1968 CLEVELAND OPERATIONS |, = 60007-031
&

<

and 10 on Fii,\gturihg;




BAC 0345 Rev. 1248

- Photo 10,

Weld Sample 10 (20x

BELL AEROLYS »
Model a 5] company Page o
oo November 15,1968 | CLEVELAND OFERATIONS | punn 60007-031
- Photo 9.

Group Cc Weld Samplé 10
~on Fixturinhg
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Photo 11. Weld Sample 12 (20x mag.)

'Photo 12. Weld Sample 12 (55x mag.) : :

€y
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Photo 14,

Pull Test on Typ. Group & Joint Line

A

Weld Sample 12
on Fixturing

Weld
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Photo 15. Pull Test on Group A Weld at .C03 Offeet

1
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TRANSFORMERLESS ELECTRONICS

The transformerless bridge pickoff electronics was developed
within the development efforts of the Model IX accelerometer.w
The design of the‘MQdelilx utilized discrete components and com-

mercially available integrated circuits.

A matched pair of Amelco 2N3922 field effect transistors was
used 1n conjunction with a UAT09 operatiénal amplifier. The

A-C gain setfing is about 100..

The testing and evaluation of the test results of the new design

concept leads us to the following conclusions:

1. The 19pf iﬁpuﬁ capaciﬁances of the matched pair FET devices
track in temperature extremely well.

2. The null drift of the'electronics was found to be O.OCOSpf/ﬁO,
which is well within the internal specification Bell $ét for
bonnet null drift.

3. This design ensures better electrical null stability because
it minimizeé,undesired'stray capacitances in the critical
bridgerarea and improves their stability because the input ‘
capaéitance stability ovaET devices 1s superior to'stfay

capacitances of hand wound;tranéformér wiﬁdings.

-3 .

The}results-encouraged us to recommend the design principle for

other programs, including ﬁhe Model VII accélerometer. A schem-

: 3
atic showing the circuitry of the bonnet we are planning to

’

deliver under the contractuél requirements is included in this
@

<report. A detailed discussion of the new bonnet design will be

a part of the next quarterly rebort.
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